ABSTRACT Poultry waterlines are constructed using polyvinylchloride (PVC) material on which bacterial biofilm can easily form. Biofilm can harbor pathogens including avian pathogenic E. coli (APEC) strains. An in vitro evaluation was performed to determine if E. coli sero group O2 (avian pathogenic) could attach on a PVC surface that had pre-formed biofilm and if this phenomenon could be affected when water was treated with chlorine. Initially, biofilm growth was induced in PVC test coupons (15.16 cm 2 ) for a 7-day period mimicking the waterline scenario in the first wk of poultry brooding; and then this biofilm was challenged with E. coli O2 seeded water in presence/absence of chlorine treatment. After rinsing, test coupons were sampled for bacterial (APC) and E. coli O2 enumeration at various occasions post seeding the pathogen and chlorine treatment. Day 7 APC recovered from coupons was 4.35 log 10 cfu/cm 2 in trial 1 and 3.66 log 10 cfu/cm 2 in trial 2. E. coli O2 was not recovered from chlorine treated test coupons (P < 0.05), whereas it was retrieved from untreated coupons (untreated contained > 3 log 10 cfu/cm 2 in trial 1 and > 2 log 10 cfu/cm 2 in trial 2). This study suggests that E. coli O2 can incorporate into pre-formed biofilm on a PVC surface within 24 h if water sanitation is not present, and the attachment time of the pathogen can prolong in the absence of already formed biofilm.
INTRODUCTION
A dramatic improvement in drinking water quality accompanied the introduction of enclosed water systems, such as nipple drinkers, during the early 1990s when the poultry industry transitioned away from open water troughs. Unfortunately, the industry failed to understand the importance of water system sanitation, primarily because this type of system removed water supplies from being visually inspected and created a sense of "out of sight, out of mind" mentality. During this time, antibiotics were often incorporated into poultry diets at sub-therapeutic levels, thus masking the need for better sanitation practices. Since then more has been learned about the role of biofilm in creating and supporting microbial populations that survive and thrive within water lines and drinker systems and create health challenges to birds that are not easily addressed. Further, biofilm clogs water pipes and filters, and thus, C 2017 Poultry Science Association Inc. Received December 4, 2016. Accepted March 21, 2017. 1 Corresponding address: pmaharja@uark.edu restricts water flow, which can lead to poor flock performance (Watkins 2006; Fairchild and Ritz 2009) . The current industry trend to eliminate antibiotic usage in meat bird production has created an awareness that all components of the production process, including water quality, must be perfected to reduce flock health challenges.
Several epidemiological studies have revealed that water supplies and water system biofilm in broiler houses can act as both high and low risk factors for flocks positive with several microbial pathogens (Humphery et al., 1993; Pearson et al., 1993; JacobsReitsma et al., 1995) . Studies have confirmed that poultry water systems are vulnerable to biofilm formation (Buswell et al., 1998; Trachoo et al., 2002; Marin et al., 2009) . Biofilm harbors pathogens that remain a challenge to birds for several flocks (Wingender and Flemming, 2011) . Of many bacterial species that form biofilms, E. coli biofilms are an important part of both broiler and layer water systems (Ahmad et al., 2008) . Avian pathogenic strains of E. coli (APEC) have been shown to form variable degrees of biofilm forming ability (Skyberg et al., 2007) , ranging from moderate to strong tendency to form biofilms (Dou et al., 2016) . The poultry industry has experienced devastating economic loss due to APEC, which cause systemic infections in birds (Dho-Moulin and Fairbrother, 1999; Ewers et al., 2003) . Testing and treating water can be a good option to mitigate microbial problems arising from water supplies.
In commercial production barns, newly hatched chicks and poults are provided with warm water (above room temperature [RT] ). Warm water temperature provides a favorable environment for microbes to thrive in water and water systems. An in vitro study was designed to mimic the slow flow and elevated temperatures associated with waterlines during chick/poult brooding with the objectives of answering the following questions:
1. What is the nature of biofilm growth in waterlines, especially when untreated warm water supplies in barns contain elevated microbial content (>3 log 10 cfu/ml)? 2. If the E. coli strain O2 is present in water supplies, does a preformed biofilm in waterlines affect level and speed of incorporation into the existing biofilm? 3. And does water sanitation influence the process?
MATERIALS AND METHODS

Characterization of Test Water Used for Growing Biofilm
Water (from underground or well sources) was collected from 2 different poultry farms for the 2 trials. Each water collected was tested for total aerobic bacterial count (4. 82 log 10 cfu/mL in trial 1 and 4. 53 log 10 cfu/mL in trial 2), in order to assure that water used in the trials (test water) had microbial content (>3 log 10 cfu/ml) considered sub optimal for poultry drinking purpose. Test waters were characterized for mineral content (Table 1) . Next, test water (600 mL) was distributed into 6 sterile glass beakers of 800 mL capacity (Pyrex brand, Cole Parmer Distributor, East Bunker Ct Vernon Hills, IL).
Test Coupons
Sterile PVC pipe sections of dimension 2.54 cm long and internal diameter of 1.90 cm (this is the dimension of commercial poultry waterlines) were used as biofilm test coupons. Prior to use, the coupons were cleaned by washing with commercial detergent (sodium lauryl sulfate based cleaning agent) using municipal water to remove any potential organic and inorganic debris present in the test coupons. Test coupons were air dried, then dipped in 70% isopropyl alcohol for 15 min, airdried, and subsequently sterilized using steam (121
• C, 15 psi for 15 min; gravity cycle). After the coupons were autoclaved and cooled to RT, 3 coupons per beaker were immersed in test water in all of the 6 beakers (treatment beakers).
Incubation of Coupons in Water Bath Shaker
All of the treatment beakers were transferred into a water bath shaker (Heto Maxi Shake, ATR Research Equipment, Laurel, MD) and beakers were incubated for 7 d to induce biofilm growth in test coupons. The beakers were covered with aluminum foil to prevent airborne contamination. The shaker was set at 40 rpm throughout the trial period in order to agitate beakers in a linear manner, thus bathing coupons in a manner simulating water flow in poultry waterlines. Temperature of test water was held at 32.2
• C on d one of the incubation, then the temperature (in • C) was lowered each d in the following order from d 2 to d 6 -31.6, 31.1, 30.5, 30, and 29.4, respectively, which mimicked water temperatures in waterlines during the first wk of brooding.
Transferring d 7 coupons to autoclaved water and d 7 biofilm sampling
On d 7, beakers were removed from the shaker. All 3 coupons in a beaker were individually rinsed (to discharge planktonic cells) and transferred to another beaker that had 300 mL of autoclaved municipal water (set at RT). This transferring of coupons was done for all 6 treatment beakers utilizing the next set of 6 beakers. The water quality parameters of autoclaved municipal water for the trials are presented in Table 2 .
One test coupon/beaker was swabbed immediately after the coupons were transferred into the autoclaved water to determine aerobic bacterial levels in d 7 biofilm. Swabbed samples (n = 6) also were plated in MacConkey agar plate to perform presence/absence test for any strains of E. coli in the biofilm community to assure no E. coli strains were present. The absence of any E. coli species in the d 7 biofilm community was further assured by plating the swabbed coupons in E. coli specific petrifilm (3M TM petrifilm. St. Paul, MN). Before test coupons were swabbed, they were again rinsed following the same rinsing procedures previously utilized, followed by transfer.
Rinsing Each test coupon that had 7-day-old biofilm was aseptically removed from the beaker and placed into a sterile whirlpack bag (Whirl-Pak, NascoFort Atkinson, WI) containing 30 mL of sterile Butterfield Phosphate Diluent (BPD) and then gently shaken and massaged back and forth for 15 seconds. Next the coupons were transferred to a different beaker containing autoclaved water with no microbial growth.
Swabbing Test Coupons This method of biofilm recovery is similar to swabbing methods discussed in other studies (Gibson et al., 1999; Assere et al., 2008) . The coupons were swabbed using a sterile cellulose sponge dipped in 30 mL of sterile BPD. The entire inner surface of the coupon was swabbed in a clockwise manner for 2 360-degree rotations. The sponge was held with sterile forceps during this procedure. After swabbing, the sponge was returned to the BPD solution, and the solution was placed in the vortex mixer for 15 seconds. After vortex mixing, the solution was used for bacterial enumeration.
Preparation of E. coli Serogroup O2 Inoculum
A lactose negative, non-motile strain of E. coli serotype O2, which had originally been isolated from chickens with colisepticemia, was used (Huff et al., 1998) . E. coli O2 colonies were brown in color in McConkey agar (Figure 1 ), unlike the pink color seen in typical lactose positive serotypes. The inoculum was prepared by adding the first quadrant growth of an overnight E. coli O2 culture on blood agar to 100 mL of tryptose phosphate broth in a sterile glass bottle and incubating it for 2.5 h in a 37
• C shaking water bath. The inoculum bottle was placed onto ice immediately at the end of water bath incubation. A one mL aliquot of the inoculum was pipetted to a sterile tube of 9 mL of tryptose phosphate broth for the first of a series of 10-fold dilutions utilizing standard plate count. The inoculum was stored at 4
• C.
Seeding of E. coli O2 Inoculum and Chlorine Application
Once the test coupons were transferred to autoclaved water, the beakers with remaining test coupons were then seeded with 0.1 mL of inoculum (inoculum size 7 × 10 7 cfu/mL). Immediately after that, 3 beakers were randomly selected and then treated with a chlorine-based sanitizer (application method explained below in the method). The remaining 3 untreated beakers served as control. All beakers were set at 28.3
• C for the first 24 h and then at 27.7
• C for the next 24 h in the water bath shaker and similarly agitated (at 40 rpm).
Chlorine Application Rate One mL of a household bleach, chlorine based product (CBP) (8. 25 % sodium hypochlorite, Clorox, Reg No. 5813-100, Oakland, CA), was blended with 32 mL of deionized water to create the stock solution. Next, 2.34 mL of stock solution was added to 300 mL of test water in 3 of the beakers to create a 1:128 ratio test solution, which is the typical dosing rate for injecting products into poultry water supplies.
Test Coupon Sampling Post Inoculum Seeding
Coupon samples (one coupon/replicate) were plated at 24 h and 48 h post treatment for bacterial (APC) and E. coli enumeration. During each sampling occasion and immediately after introducing products, free chlorine residuals in test solutions were measured using test strips (WaterWorks TM , Mfg # 480655, Ben Meadows, WI) that measure free chlorine from zero to 5 ppm.
Bacterial Enumeration
Petrifilm (3M TM Petrifilm TM , St. Paul, MN) was used for APC enumeration. One mL of swabbed solution was directly plated on the petrifilm and another mL was subjected to serial dilutions. Serial dilutions, up to fifth dilution level for APC, were performed by diluting one mL of test solution into 9 mL of sterile BPD and then spinning the solution in the vortex mixture for 10 seconds. At each dilution level, the plating was performed in duplicate to get the average microbial count. Enumeration was carried out after 48 h of incubation at 35
• C for APC. For E. coli O2 enumeration, MacConkey agar plates were utilized. Only 0.1 mL of swabbed solution was plated onto MacConkey agar, then followed the 10-fold serial dilution level up to third dilution level using BPD. Each dilution level was duplicated to get the average count. Individual colonies were counted. Enumeration was carried out after overnight (18 h) incubation of plates at 37
Positive Control
A positive control experiment was set up in order to understand if the E. coli O2 attachment on the PVC surface would be solely facilitated by the presence of already formed biofilm on the surface. PVC test coupons that had no preformed biofilm were used to study E. coli O2 attachment over time in the presence or absence of chlorine.
Six beakers, each containing 300 mL autoclaved water, (water mineral parameters shown in Table 3 ) had 3 sterile test coupons immersed into each. All 6 beakers were seeded with E. coli O2 using 0.1 mL aliquot of tryptose phosphate broth inoculum (7.84 log 10 cfu/ml) and then 3 of the beakers were randomly treated with the CBP. The dose rate used was similar to that described earlier. Three untreated beakers served as control. All beakers were set at 28.3
• C for the first d and then at 27.7
• C for the next 4 d in the water bath shaker with similar agitation (40 rpm). For both treatments, coupons were sampled at the end of d 1, d 2, and d 5 for the presence of E. coli O2. Chlorine residuals were recorded in the treated coupon test water during sampling occasions. Two trials were conducted.
Molecular Identification of E. coli O2 Retrieved in test Coupon Samples
E. coli O2 retrieved from untreated test coupon samples was examined for the prevalence of virulence associated with the adhesin APEC genes using PCR. Adhesin genes selected were based on their prevalence in APEC strains (Rodriguez et al., 2005) . Adhesins -PapC, PapEF, Pap G allele II, and a miscellaneous gene OmpT were assessed for their presence.
Five to 6 individual colonies that were identified and counted as E. coli O2 on MacConkey from the untreated test coupons were picked randomly for all 3 replicates and streaked into LB agar plates to generate pure colonies. The E. coli O2 inoculum used for seeding also was plated onto LB agar to generate individual E. coli O2 colonies. All plates were incubated overnight at 37
• C, and pure colonies were obtained to generate templates for PCR.
All PCR reactions were replicated 3 times to check for consistency and exclude any false positives. To generate a template for the PCR reactions, individual isolates from the LB agar plates were dissolved in 40 μL sterile deionized water in 0.2 mL Eppendorf tubes using sterile toothpicks. The suspension was then boiled at 100
• C for 15 min and cooled to 4
• C. Forward and reverse primers used for each gene amplification were as mentioned in Rodriguez et al. (2005) and Johnson and Stell, (2000) .
PCR Reactions Each PCR consisted of 20 μL reaction mixture consisting of 1X Taq Buffer (5X GoTaq Reaction Buffer, Promega, Madison, Wisconsin), 0.25 mM MgCl 2 , 0.2 mM dNTP, 0.5 μM each of the specific forward and reverse primers (Integrated DNA Technologies, Coralville, Iowa) 2.5 units of Taq polymerase (5 U/μL GoTaq DNA polymerase, Promega, Madison, Wisconsin), and 2μL of template DNA. The final volume was adjusted to 20 μL using double distilled water. PCR was performed using Biorad T100 Thermal Cycler (Biorad Laboratories, Hercules, California) with the following reaction conditions: initial denaturation at 90
• C for 30 s, 40 cycles consisting of 90
• C for 15 s, primer-specific annealing temperature for 15 s, and 72
• C for one min, followed by a final cycle of 72
• C for 3 minutes. Each PCR product was mixed with 6 μL of 6X DNA Gel loading dye (ThermoFisher Scientific, Waltham, MA) and subjected to gel electrophoresis with 1.5% agarose at 70 V in 1X TAE buffer. (Each 50X TAE preparation consisted of 40 mM Tris, 20 mM acetic acid, and one mM EDTA, pH: 8.4.) The separated fragments (amplicons) were visualized using Typhoon FLA 9500 (GE Healthcare Life Sciences, Pittsburgh, PA) at Fluorescence mode (550 nm). The presence of a particular gene in the tested isolates was confirmed when the amplicon exhibited the expected size (Johnson and Stell, 2000) . The amplicon sizes were compared to a 100 bp DNA ladder (Axygen Scientific Inc., Union City, California).
Data Analysis
All bacterial counts were converted to log 10 prior to analysis to normalize data distribution. Results were analyzed using the GLM procedure of SAS (SAS Institute, Inc. SAS R 9.3. 2012. Cary, NC). Means that were significant at the P < 0.05 levels were separated using the Least Square Means test.
RESULTS
Free Chlorine Residual Results
Trial 1 and trial 2 free chlorine residual results recorded for test solutions are given in Table 4 . Immediately after the CBP was introduced, free chlorine residuals recorded were ∼2.5 ppm in both trials. Free chlorine residual dropped to slightly more than one ppm post 24 h of treatment and then to one ppm post 48-hour treatment in both the trials.
For the positive control experiment, the residuals recorded were ∼5 ppm immediately after CBP application, ∼2.5 ppm on d1, ∼1 ppm on d 2, and between 0.1 and 0.2 ppm on d 5 for both trials (data not shown).
Bacterial Results
The aerobic bacterial counts for test coupons sampled for trial 1 and trial 2 are presented in Fig. 2a and  2b . The average bacterial counts recovered from d 7 test coupons (n = 6) were 4. 35 (SEM 0.09) and 3.87 (SEM 0.06) log 10 cfu/cm 2 for trial 1 and trial 2, respectively. Post 24-hour and 48-hour CBP addition, bacterial growth was not observed; and thus the counts were assumed to be zero cfu/cm 2 (P < 0.05) in treated test coupons for both the sampling occasions and the trials. APC from biofilm test coupons recovered in the control remained the same (P > 0.05) in trial 1 or increased (P < 0.05) in trial 2.
E. coli O2 recovered from the test coupon samples in the control was more than 3 log 10 cfu/cm 2 in trial 1 and more than 2 log 10 cfu/cm 2 in trial 2 by 24 h (Fig. 3a  and 3b ). Whereas, with CBP treated test coupons, no colonies were isolated, including E. coli O2 from the biofilm in both trials.
In the positive control experiment, trial 1 had no E. coli O2 retrieved in test coupon samples on d 1 or d 2 for both treated and untreated test coupons. At d 5, untreated coupons had an average of 2.87 (SEM = 0.27) log 10 cfu/cm 2 E. coli O2 recovery, whereas the pathogen was not retrieved from CBP treated coupons (Figure 4) . Trial 2 did not observe any E. coli O2 recovery with treated or untreated coupons for all 3 sampling occasions on d 1, d 2, and d5.
Prevalence of Virulence Associated Adhesin Genes
Virulence associated adhesin genes PapC, Pap EF, and Pap G allele II, and miscellaneous gene OmpT, were present in the inoculum. These genes also were found in the bacterial isolates recovered from the biofilm test coupons. Figure 5 shows some of the representative gel images indicating the presence of these tested genes. 
DISCUSSION
Biofilm comprises complex communities of different species of enclosed microbial cells cooperating with one another for survival and are firmly attached to hydrated surfaces (Davey and O'toole, 2000; Xavier and Foster, 2007) . Microorganisms that form biofilm are different from their free-living counterparts in terms of growth rate and composition and show increased levels of resistance to biocides, which may be attributed to their up-regulation and down-regulation of different genes (Donlan, 2002; Prakash et al., 2003) . Bacteria show a rapid transition from planktonic (free-swimming) cells to the complex, surface attached biofilm entity (O'toole et al., 2000) . This indicates that high microbial content water supplies are a candidate for rapid biofilm growth. Therefore, in this study, sub optimal microbial quality water was utilized to stimulate biofilm growth in poultry barn waterlines. This study helped confirm how quickly biofilm growth can occur in waterlines, particularly when poultry farm supplies have poor quality microbial water.
Biofilm formation rates are impacted by flow/nonflow conditions of water as well as water temperatures (Stoodley et al., 1999; Sanders et al., 2008) . Therefore, test coupons in this experiment were constantly bathed with moving test water, and under dynamic temperature conditions in order to understand the nature of biofilm growth in a typical first wk of poultry brooding. Biofilm growth on PVC surfaces can be exponential in the first few wk under a certain flow condition (10 cm/s) (Pedersen, 1990 ). We recovered a biofilm level of approx. 4 log 10 cfu/cm 2 on the PVC surface by the first week. Zacheus et al. (2000) observed the growth of 6 log 10 cfu/cm 2 by 3 weeks. These rapid progressions of biofilm observed over time could be attributed to sufficient nutrient availability in the environment (Stoodley et al., 1999; Teodosio et al., 2011) . We profiled the mineral content of the water used in the study to understand the nutrient density in water; however, the minerals tested were within normal water quality range acceptable for poultry drinking purpose including calcium, magnesium, and iron.
Chlorine based sanitizer was evaluated, as it is one of the most commonly used poultry drinking water sanitizers. The product used had 8.25 % sodium hypochlorite (NaOCl) in the solution. NaOCl creates hypochlorous acid (HOCl) in water upon hydrolysis:
Hypochlorous acid has a strong germicidal action. The pH range between 6.5 and 8 .5 has incomplete dissociation, while pH below 6.5 has no or a negligible dissociation of the hypochlorous form (Galal-gorchev, 1996; Manual, 1999) :
The water used in the experiment had pH of above 7 and thus further improvement on efficacy of the product could have been expected at lower test water pH.
Residual concentrations and class of sanitizers also determine the antimicrobial efficacy and biofilm formation rates (Ollos et al., 2003; Williams et al., 2005) . Chlorine has been shown to be effective against E. coli inactivation or E. coli attachment into pre-formed biofilm, at residual levels starting from approx. one ppm within a few min of contact times (Momba et al., 1999; Rice et al., 1999; Ryu and Beuchat 2005) . Effectiveness of chlorine in treating broiler house water supplies at free chlorine residual above 0.5 ppm has been shown to keep aerobic bacteria in water within the acceptable levels (<3 log 10 cfu/mL) for poultry production (Maharjan et al., 2016) . In this experiment, the chlorine residuals measured over time were similar to residual trends recorded in other studies, where efficacy of sanitizers were tested against high microbial content water (Maharjan et al., 2015a,b) . However, those trials were performed at RT of test water, unlike this study, which was conducted at dynamic warm temperatures of test water. Temperature of water can affect the free chlorine demand (Ndiongue et al., 2005) ; therefore, this study utilized warm water that could potentially be the situation in first wk of a brooded chicken house. However, at the tested temperature range of water, the average chlorine levels of one to 2 ppm showed effective results for biofilm mitigation.
Various factors, such as age and physical properties of the biofilm (biofilm roughness), and chemical properties of solutions (ionic strength), determine the nature of E. coli attachment to a nascent PVC surface or a PVC surface that has pre-formed biofilm (Janjaroen et al., 2013) . Many APEC strains have the capability to form moderate to strong biofilms on the surfaces (Skyberg et al., 2007) . We assessed the potential of an APEC strain O2 towards forming biofilm on a PVC surface. This study observed that the presence of a pre-formed biofilm allows a faster and greater adhesion rate of E. coli O2 on a PVC surface than when the biofilm is absent. Pre-formed biofilm aided attachment also was observed in other bacterial species (Hanning et al., 2008) , and this facilitated attachment because the preformed biofilm could be attributed to phenomena such as quorum sensing in biofilm cells (Koutsoudis et al., 2006) .
Adhesin proteins are the part of the distinct fibrillar structures of bacteria that are located at the tip of pilli. Presence of adhesin genes in bacterial isolates is associated with their attachment to surfaces or their biofilm forming ability (Biscola et al., 2011; Cergole et al., 2015; Mirzaee et al., 2015) . Adhesin genes PapC, E, F, and G allele II were assessed for their presence in the E. coli O2 inoculum. Virulent gene OmpT also was tested for its presence. All these genes were present in the E. coli O2 inoculum used for seeding, as well as in the bacterial colonies in the MacConkey agar plate from untreated test coupon samples. This further validates that the colonies recovered from the test coupons belong to the strain used in the inoculum. Selection of these genes was done based on their prevalence (P < 0.0001) in APEC strains isolated from chickens and turkeys (Rodriguez et al., 2005) . PapC is co-transcribed along with other pili related genes such as papA and papH, and therefore the extent of PapC synthesis can govern the pili expressed on the cell surface (Tennent and Normark, 1987) . PapEF are encoded by genes located at the distal end of the Pap operon. While PapE is a key component of tip fibrillum that promotes its polymerization into fiber (Kuehn et al., 1992) , the PapF gene products have roles on pili preparations and accurate presentation of the adhesin at the distal end of the fibrillum tip (Lindberg et al., 1984; Jacob-Dubuisson et al., 1993) . Pap G genes (class I, II, and III) are responsible for coding specific adhesins proteins on tips of P fimbriae that promote the specific bacterial binding to receptors in cell surfaces (Marklund et al., 1992) . PapC and PapG alleles in E. coli strains have a strong correlation (R 2 = ∼ 1) for their biofilm forming ability as suggested by several studies (Naves et al., 2008; Fattahi et al., 2015) . The OmpT gene, detected in this study, was also prevalent in other APEC strains that were the isolates from avian collibacillosis (Mbanga and Nyararai 2015) . This OmpT gene encodes E. coli membrane protease, and has been recognized as one of the minimal predictors of APEC virulence for a rapid diagnostic tool (Johnson et al., 2008) .
In summary, this study showed that a bacterial biofilm level of ∼4 log 10 cfu/cm 2 quickly developed on a PVC surface (≤7 d) in sub optimal bacterial water (>4 log 10 cfu/cm 2 ) when in a simulated poultry brooding environment. E. coli O2 was present in untreated water supplies incorporated into the biofilm community on a PVC surface in less than 24 h of contact time. However, results from positive control showed that the absence of a pre-formed biofilm on a PVC surface could delay E. coli O2 attachment onto the surface. Treating water with chlorine prevented E. coli O2 from attaching to PVC surfaces or being incorporated into already formed biofilm. As the poultry industry is headed towards antibiotic free production, treating water can be one of the strong options to achieve this goal towards producing disease-free flocks.
